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Description 

The present invention relates to a genetic assay, that is to say an assay which reveals the presence or absence 
of a genetic characteristic. 

5 It is known that mutations in regions of the nucleic acids of organisms can alter the nature or amount of polypeptides 

encoded by such regions or encoded by other regions associated with the site of mutation. 

We have now found several sites of mutation in mammalian DNA associated with the cytochrome P450-de pendent 
monooxygenase supergene family of enzymes. The presence or absence of mutation at one or more of these sites 
has been found to indicate with a high degree of certainty whether the individual is an "extensive metaboliser" or a 

10 -poor metaboliser". 

Skoda et al (1988 RN.A.S. 85, 5240-5243) disclosed an RFLP-based assay which identifies only about 25% of 
poor metabolisers. 

Cytochrome P450-dependent monooxygenases (P450s) are a supergene family of enzymes that catalyse the 
oxidation of lipophilic chemicals through the insertion of one atom of molecular oxygen into the substrate. They are 

is involved in the metabolism of xenobiotic compounds, and in particular with the clearance of at least 25 drugs, including 
debrisoquine, sparteine, bufuralol and dextromethorphan. Other drugs whose metabolism is related to the debrisoquine 
oxidation polymorphism (as of June 1990) include (in the cardiovascular area) metoprolol, timolol, propranolol, per- 
hexilene, N-propylamaline, propafenone, encainide, flecainide and mexiletine, (in the psychiatric area) amitriptyline, 
imipramine, desipramine, nortriptyline, clomipramine, thioridazine, perphenazine, amiflamine and tomoxitene and (in 

20 other areas) codeine, methoxyphenamine and phenformin and possibly also chlorpropamine, melatonin and MPTP 
The P450 system is polymorphic in man, and genetic differences in the P450-mediated metabolism of a wide variety 
of drugs have been clearly demonstrated. The best example of this is the debrisoquine/sparteine polymorphism, (see 
Ref 1 for a review). Up to 10% of the Caucasian population exhibit the poor metaboliser (PM) phenotype. This is 
characterised by a significantly reduced ability to metabolise the prototype drug debrisoquine to 4-hydroxydebrisoquine, 

25 the metabolism being 10-200 times less than in extensive metabolisers (EMs). The PM phenotype is inherited as an 
autosomal recessive trait, and up to 54% of people are carriers of a mutant allele(s). The PM phenotype leads to 
impaired clearance of over twenty other commonly prescribed drugs and may result in serious adverse side effects 
upon their administration. Thus the ability to predict phenotype is an attractive possibility which would be useful in 
many clinical situations. 

30 Recently the cytochrome P450 isozyme (P450 dbl, also called P450 buf 1 or P450 DB) responsible for the metab- 

olism of debrisoquine, sparteine and other compounds related to the polymorphism has been purified from human 
liver. Immunoquantitation of this protein correlates well with the levels of bufuralol-l'-hydroxylase activity in a series of 
human livers, bufuralol being a prototype substrate for the dbl isozyme. Furthermore no immuno-reactive dbl protein 
was detected in liver microsomes of PMs suggesting that the complete or almost complete absence of this protein 

35 leads to the PM phenotype. Recent work also provides evidence for the presence of allozymes of P450dbl with altered 
K m and V max probably due to amino acid substitutions. Antibodies against human P450dbl have been found in patients 
with autoimmune hepatitis type II but the relationship between the debrisoquine polymorphism and the appearance of 
these autoantibodies is not known. 

Gonzalez and coworkers have isolated cDNA clones from libraries made from the livers of EMs and have shown 

40 that they encode active P450dbl by expression in COS-1 cells and measurement of bufuralol-1 '-hydroxylase activity 
(2). Sequence analysis shows that P450 dbl belongs to a distinct P450 subfamily, P450IID (3). P450IID cDNA clones 
were also obtained from libraries made from the livers of PMs and in these cases they appeared to be derived from 
aberrantly or incompletely spliced mRNAs, and therefore would not be able to encode an active P450dbl. Four variants 
were described: "a" which retains intron 5; "b" which retains intron 6; "b'" which has lost the 3 1 half of exon 6 in com- 

45 bination with the removal of intron 6; and another cDNA clone from a PM liver, variant "c", which appears to be normally 
spliced but has several base substitutions and was not characterised further. It was inferred from these studies that 
the defective mRNAs (cDNAs) were the products of mutant alleles of the P450dbl gene. 

The gene encoding P450dbl (CYP2D1) has been located on chromosome 22 and Southern blot analysis shows 
that there is probably more than one gene/pseudogene within the CYP2D locus based on the amount of DNA hybridizing 

50 to the dbl cDNA probe. The CYP2D locus is highly polymorphic, and two alleles, detected using the restriction enzyme 
Xba\, have been associated with the PM phenotype (44kb allele and 11.5kb allele; 4). However, at the present time 
these restriction fragment length polymorphisms (RFLPs) are not informative in predicting phenotype as they do not 
identify all PM individuals (4). 

We have now cloned and sequenced further novel P450IID cDNAs, none of which we predict would encode an 

55 active P450. By comparison with the available P450IID cDNA sequences, we have identified base-pair differences 
which form the basis of a genotyping assay for the PM phenotype. 

One aspect of the invention provides a method of detecting a mutation at positions 100, 271 , 281 , 294, 408, 506 
or 1432 of the DNA sequence of P450IID bufuralol-V-hydroxylase or a deletion of at least part of exon 9 thereof. 
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The enzyme is also called debrisoquine hydroxylase and P450IID6 and is encoded by gene CYPD2D6. 
In the case of positions 100, 271 , 281 , 294, 408 and 1432, the mutation is typically one or more base pair substi- 
tutions such as C -> T, C -» A, A -» G. C -> G, G -» C or C -> T respectively. (These alterations are more fully written 
as cytosine to thymidine, cytosine to adenosine, adenosine to guanine, cytosine to guanine, guanine to cytosine and 

s cytosine to thymidine.) In the case of a polymorphism at position 506, the mutation is typically a base pair deletion in 
the spliced product, resulting, apparently, from a G -> A transition in the last nucleotide of intron 3. Since the assay 
will normally be directed to genomic DNA, it is the G -> A transition which is detected directly. 

The mutations at positions 100, 271, 281 and 294 are either silent or lead to single amino acid substitutions. In 
themselves, they do not account for the PM phenotype but they are strongly linked with the base pair deletion at 506 

10 and are therefore informative. 

The assay may involve any suitable method for identifying such polymorphisms, such as: sequencing of the DNA 
at one or more of the relevant positions; differential hybridisation cf an oligonucleotide probe designed to hybridise at 
the relevant positions of either the wild-type or mutant sequence; denaturing gel electrophoresis following digestion 
with an appropriate restriction enzyme, preferably following amplification of the relevant DNA regions; S1 nuclease 

is sequence analysis; non-denaturing gel electrophoresis, preferably following amplification of the relevant DNA regions; 
conventional RFLP (restriction fragment length polymorphism) assays; selective DNA amplification using oligonucle- 
otides which are matched for the EM sequence and unmatched for the PM sequence or vice versa; or the selective 
introduction of a restriction site using a PCR (or similar) primer matched for the PM or EM genotype, followed by a 
restriction digest. The assay may be indirect, ie capable of detecting a mutation at another position or gene which is 

20 known to be linked to one or more of the positions listed above, especially the deletion at position 506. Assays directed 
to the related locus CYP2D7 may be used in this way. A number of sites in the "b" variant sequence (Gonzalez eta!) 
have recently been analysed and also been shown to be informative for the PM phenotype. The B b' variant appears 
to be derived from a gene other than the P450IID6 but its presence is tightly linked to the PM phenotype and the 
presence of the "a" variant. Base pair differences between the "b" variant and other genes in this cluster which may 

25 be used as a basis for a genotyping assay inciude for example, bp 632 (G insertion); bp 637 and 638 (TC to CT); bp 
691 (C to T); bp 832 (A to G); bp 1085 (T insertion); 1094 (G to A); bp 1528 (T to C). The probes and primers may be 
fragments of DNA isolated from nature or may be synthetic. 

A non-denaturing gel may be used to detect differing lengths of fragments resulting from digestion with an appro- 
priate restriction enzyme. The DNA is usually amplified before digestion, for example using the polymerase chain 

30 reaction (PCR) method disclosed in reference 5 and modifications thereof. Otherwise 10-100 times more DNA would 
need to be obtained in the first place, and even then the assay would work only if the restriction enzyme cuts DNA 
infrequently. 

Amplification of DNA may be achieved by the established PCR method or by developments thereof or alternatives 
such as the ligase chain reaction, QB replicase and nucleic acid sequence-based amplification. 

35 An 'appropriate restriction enzyme" is one which will recognise and cut the wild-type sequence and not the mutated 

sequence or vice versa. The sequence which is recognised and cut by the restriction enzyme (or not, as the case may 
be) can be present as a consequence of the mutation or it can be introduced into the normal or mutant allele using 
mismatched oligonucleotides in the PCR reaction. Various enzymes are disclosed below as specific examples, but any 
enzyme which cuts at the same place (an "isoschizomer") or which recognises the same sequence and cuts the DNA 

40 at a point within or adjacent the sequence will be suitable; more are being discovered all the time. It is convenient if 
the enzyme cuts DNA only infrequently, in other words if it recognises a sequence which occurs only rarely. 

Restriction enzymes useful in connection with the mutations described above include, for example, Haelll for 
position 294, Sad! for 281 , Hha\ for 271 , EcoR for 408, BstN\ for 506 and Apyl for 100. These enzymes are available 
commercially from suppliers of biological reagents, such as BRL-Gibco, Paisley, Scotland. 

45 in another method, a pair of PCR primers are used which match (ie hybridise to) either the PM genotype or the 

EM genotype but not both. Whether amplified DNA is produced will then indicate the PM or EM genotype (and hence 
phenotype). However , this method relies partly on a negative result (ie the absence of amplified DNA) which could be 
due to a technical failure. It is therefore less reliable and/or requires additional control experiments. 

A preferable method employs similar PCR primers but, as well as hybridising to only one of the PM or EM se- 

50 quences, they introduce a restriction site which is not otherwise there in either the PM or EM sequences. For example, 
PCR primers G and H: 

( G J 5 ' -GATGAGCTGCTAACTGAGCCC- 3 ' 

55 fill 5 ' -CCGAGAGCATACTCGGGAC-3 ' 

will introduce a Msp\ site at the 775 region in the PM sequence. Neither the PM nor EM sequences have a M$p\ site 
at that position. Thus, in a single two-step process of PCR amplification with primers D, C, G and H followed by a 
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restriction digest with BstN\ and Msp\, both mutations can be detected. 

The nucleic acid, usually genomic DNA rather than RNA, which is assayed may be obtained from any cell of the 
body (such as hair roots, buccal epithelial cells and blood spots) or ever-urinary deposits. Conveniently, a mouthwash 
or drop of blood is taken, either of which will contain a few cells. Preferably, the DNA is extracted by known techniques 

5 and a specific region of the P450I ID sequence is amplified using the PCR. It is then digested with the restriction enzyme 
and subjected to PAGE (polyacrylamide gel electrophoresis). The gel is stained and photographed to reveal a pattern 
of fragments indicative of whether the patient is homozygous EM/EM, homozygous PM/PM or heterozygous. The whole 
procedure, using current technology, takes about 5 hours whereas existing methods in which drug metabolism is mon- 
itored take up to 3 days and are much more difficult to perform. 

10 A kit may be provided, according to another aspect of the invention, to perform the assay. The kit will typically 

contain the primer(s) needed for the PCR amplification (if PCR amplification is used) and also control DNA for both 
homozygotes and the heterozygote, so that the results of the assay can be analysed more readily. Conveniently, the 
kit also comprises the restriction enzyme(s) and, preferably, phenol and SDS (sodium dodecyl sulphate) or similar 
materials used in the mouthwash. 

15 The assays of the invention will be extremely valuable in relation to human medicine and may be used prior to 

treatment with a drug which is toxic if not metabolised or which is effective only if metabolised. They may also be used 
to identify individuals who are genetically predisposed to be susceptible to or resistant to diseases the etiology of which 
is linked to the PM/EM phenotype, for example lung and bladder cancer. The mutations described above are known 
to occur in European Caucasians and may or may not be present in other races such as Mongoloids and Negroids. 

20 it is entirely possible that other mutations will be found which indicate the PM phenotype. If so, the assays of the 

invention may be used together with assays for such other mutations in order to provide a definitive PIWEM phenotyping 
assay. 

The assays of the invention may be used as part of the clinical trials of a new drug: by phenotyping the healthy 
volunteers or patients in the trials and conducting appropriate drug metabolism studies, it can be established whether 
2S the drug's metabolism is affected by the PM/EM phenotype. 

Examples of the invention will now be described with reference to the accompanying drawings, the legends for 
which are as follows: 

Figure 1 : This is a diagrammatic representation of the db1 -related cDNA clones aligned with dbl. Clones pMP32 
30 and pMP33 are from this work, and dbl and "a" taken from Gonzalez etal (2). The numbering refers to that for dbl 

starting at the initiation codon. The positions of the introns, inferred from comparison with other P450II genes, are 
indicated on dbl by vertical lines, and the retention of part of intron 1 (pMP33) and intron 5 ("a") is indicated by 
triangles. Base pair substitutions and other differences between the cDNA sequences are given in full in Fig. 2. 
The dashes represent sequence not present in the variant cDNAs compared to dbl. 

35 

Figure 2 (on two sheets: Figure 2A and Figure 2B): This shows a comparison of nucleotide sequences of DNA 
encoding functional debrisoquine hydroxylase (dbl) and related cDNAs. The sequences for dbl and variant "b" 
are taken from Gonzalez et al (2). Numbering starts at the initiation codon for dbl. The variant "a" cDNA sequence 
was compiled from two cDNAs, pMP32 and pMP33 which contained an identical sequence over an overlapping 

40 region of 462 bp. This sequence contained only one base-pair difference to the partial sequence described as 

variant "a" by Gonzalez et a/(G to C at position 383) which covers the region 299-1567 bp. The base-pair deletion 
at position 506 is marked *. The position of introns (vertical lines) is obtained from the sequence of P45011D6 
gene (11). Triangles represent the positions of intron sequences in the isolated variant cDNAs: 
1 . The first 64-bp of intron 1 in pMP33; 5. Insertion of intron 5 in the variant "a" cDNA described by Gonzalez et 

45 al but which was absent from pMP32 and pMP33; 6. Insertion of part of intron 6 in both pMP34 and variant °b". 

The position of the bp insertions (G) at position 631 and at 983 (T) in the "b n variant are shown **. The positions 
of oligonucleotide primers used to amplify specific regions of the genes are marked by capital letters and horizontal 
arrows. The oligonucleotide marked D was taken from the sequence of intron 4 (see Fig 5). The diagnostic restric- 
tion sites used to differentiate between either dbl (variant "a") and variant "b n or dbl and variant "a" are marked. 

so 

Figure 3 : This is a schematic illustration of Haelll cleavage sites in the PCR fragment generated from the dbl gene 
using oligonucleotides A and B as primers (see Fig 2). The location of the determinative Haelll site when position 
294 is mutated is shown. The fragment generated is 172bp in length and incorporates the sequences of intron 1 
and exon 2. 

55 

Figure 4 : This is a schematic illustration of the DNA fragmentation pattern obtained following polyacrylamide gel 
electrophoresis of the Haelll -cleaved exon 2 DNA shown in Figure 3 for both homozygote EM, homozygote PM 
and heterozygote individuals. 
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Figures 5 & 6 : Analysis of the mutation site leading to the base-pair deletion in dbl cDNA at position 506. Diagram- 
matic representation of the method used and (Figure 6) predicted banding pattern for individuals containing the 
db1 gene, variant "a" or both. Amplification of DNA from exon 3 into intron 4 produced a 334-bp fragment which 
in individuals containing the db1 sequence digests into fragments of 105 bp and 229 bp with BstfsIL The variant 
s "a" sequence (PM's) is resistant to digestion with this enzyme. 

Figure 7 : This shows the "b" variant sequence and others alongside the db1 sequence, with the region around 
exon 7 shown in more detail in Figure 8 . Sites cut by restriction enzymes Haelll, Dralll and Hha\ are shown as A, 
B and C respectively. Haell I cuts dbl only. Dra\\\ cuts 2D7 (pMP34) and 2d8 sequences only at 1 083. A combination 
10 of Haelll and Dralll is useful but inconvenient. A Hha\ site is absent in the n b" variant at 1094 but present in all 

other variants so far found. Primer pair 1+2 is used for Haelll/Oralll analysis and 3+2 for Hha\/Dra\\\ analysis. 

MATERIALS & METHODS 

is Preparation of radioactive probes . The human P450 dbl (P450IID1; 2) cDNA probe was kindly provided by Drs 

FJ. Gonzalez and U.A. Meyer. Restriction fragments for use as probes were isolated from low gelling temperature 
agarose and radioactively labelled with [a- 32 P]dCTP (3000 Ci mmol* 1 ; Amersham International) by random primer 
extension (6). Oligonucleotides were made on an Applied Biosystems 380A machine and labelled with [a- 32 P]ATP 
(3000 Ci mmol -1 ; Amersham International) and T4 polynucleotide kinase. 

20 Isolation of human P450I ID-related cDNAclones . The full length P450IID6 (dbl ) cDNA was used to screen plaques 

from two human liver lambda gt11 cDNA libraries (Clontech, Palo Alto, CA; and Kwok et al[7]) made from individuals 
of unknown phenotype. Two different cDNA clones, lambda MPA (1 .22kb) and lambda MPG (1 .56kb) from the Clontech 
library were subcloned into pUC18 to give pMP32 and pMP33 respectively, and also into M13mp18 for sequence 
analysis. 

25 DNA seguence analysis . The dideoxy chain termination method was used with [a-^S] thio dATP (400 Ci mmor 1 ; 

Amersham International) to sequence DNA cloned in M13 (8, 9). Overlapping sequences were derived using a series 
of synthetic oligo-nucleotides and both DNA strands were fully sequenced. Sequences were compiled and analysed 
using Staden Plus software implemented on a DCS286 computer (10). DNA sequences generated during the course 
of this work have been deposited in the EMBL Data Bank with accession nos. X16865 and X16866. 

30 Phenotyping . Individuals GT, MJ, TR, PJ and ML were phenotyped in vivo by Prof. G. Tucker, Department of 

Pharmacology and Therapeutics, University of Sheffield, U.K. using debrisoquine; and individuals A, 1 .1 , 2.2, and 3.3 
were phenotyped using sparteine in Wvoby us. Post-mortem liver samples E4, E6, E8 and E11 were phenotyped in 
vitro by Dr. U.A. Meyer, Biozentrum, Basel using bufuralol, and LVH showed no cross-reactivity with a monoclonal 
antibody raised against rat P450db1 (kindly supplied by Dr Meyer). 

35 DNA amplification . Total DNA was isolated from blood lymphocytes or from liver using an Applied Biosystems 

340A nucleic acids extractor according to the manufacturer's instructions. Target DNA (1u.g for genomic DNA or 1ng 
for cloned cDNA) was used in the polymerase chain reaction (PCR; 5) with 600ng of each amplification primer. The 
PCR was carried out using 2.5U Taq DNA polymerase (Cetus Corporation) according to the manufacturer's conditions 
except that dimethyl sulphoxide was added to 10% (v/v) final concentration. The chain reaction was initiated by dena- 

40 turing DNA at 92°C for 1 min, annealing by cooling to 60°C for 1 min and extending at 72°C for 2 min; twenty cycles 
were performed using either a Cetus or Techne programmable heating block. Pairs of oligonucleotide primers enabling 
the amplification of specific exon sequences were used as described in the legend to Figure 2. 

Analysis of amplified DNA . The products of DNA amplification (between 1/20 - 1/10 of the total) were either left 
uncut or digested with diagnostic restriction enzymes and separated electrophoretically on 6% polyacrylamide gels. 

45 in some cases the DNA was analysed by Southern blotting. Briefly, the DNA was transferred to Hybond N by alkali 
transfer (1 .5M NaCI, 0.25M NaOH) and baked at 80°C for 2h. Membranes to be probed with cDNAs were pre-hybridised 
at 65°C in 5XSSC, 4X Denhardt's, 10% SDS, 0.1% NaPPi, 20u,g ml" 1 salmon sperm DNA. Hybridisation was overnight 
in the same buffer except no salmon sperm DNA was present. Filters were washed to a final stringency of 0.2X SSC, 
0.1% SDS, 0.1% NaPPi at 65°C. Oligonucleotide probes covering the region of interest were hybridised to the mem- 

50 branes at 37°C in 6X SSC, 0.1% NaPPi and washed in the same buffer at a temperature dependent on their T m . 
Membranes were exposed to Kodak XAR-5 film for between 2h and three days at -80°C. 

EXAMPLE 1 : Comparison of dbl -related DNA sequences 

55 The nucleotide sequences derived from pMP32 and pMP33 were compared with the sequences of the dbl cDNA 

(encoding a functional P450 with bufuralol 1 '-hydroxylase activity) as well as the variant "a" cDNA described by Gonzal- 
ez et al(2) and amended in the EMBL Data Bank; accession no. Y00300 (Figs. 1 & 2). The sequences of pMP32 and 
pMP33 have an identical sequence over an overlapping region of 445bp. Together these clones constitute a full length 
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cDNA. However, we did not expect the sequence generated by pMP32/pMP33 to encode a functional protein as it 
contains part of intron 1 and perhaps more importantly a single base deletion at position 506 which would lead to a 
frame-shift (Fig, 2). Variant "a" of Gonzalez et al (2) also contains this same frame-shift and so with or without the 
retention of intron 5 or intron 1 this variant would not encode a functional protein (Fig 2). Analysis of the genomic 
5 P450II2D sequence showed that the bp deletion at position 506 is due to a G to A transition at the junction of intron 3 
and exon 4. This mutation removes a 8sfN1 site in the gene compared to db1 . 

There are a significant number of base pair differences between the sequence of pMP32/pMP33, representing a 
full length variant, non-functional dbl sequence, and the normal db1 sequence. All of these differences may serve as 
markers for the PM phenotype and may therefore be of use in a genotyping assay. 

w 

EXAMPLE 2 : Analysis at position 294 

An analysis at position 294 is shown as an example in Figs 3 and 4. DNA covering the region of interest was 
amplified by PCR from genomic DNA using the oligonucleotides A and B (Fig 2). This generates a DNA fragment of 

15 1 72bp in length (Fig 3). In PM individuals the 83bp fragment generated by digestion with the restriction enzyme tfaelll 
will cut into two pieces (39 and 44bp) due to the Haelll site generated by the mutation at position 294. In homozygous 
EM's this site is absent. 100% agreement between phenotype, assessed by measuring the rate of metabolism and 
marker drugs, and genotype was observed in the 16 individuals tested, with the gels corresponding to the expected 
appearance shown in Figure 4. 

20 Analysis of a region of exon 9 using oligonucleotide primers G and F (see Fig 2) showed that in some PM individuals 

nc db1 related band could be observed, indicating a deletion of this region of the gene. This also is informative for the 
PM phenotype in some individuals. 

EXAMPLE 3 : Analysis at position 506 

25 

Genomic DNA from individuals phenotyped either as poor or normal metabolizers was amplified by PCR using an 
oligonucleotide derived from exon 3 and one derived from intron 4 (marked C and D in Fig. 2) using an annealing 
temperature of 60°C. The sequence of oligonucleotide D was AAATCCTGCTCTTCCGAGGC. The use of this oligo- 
nucleotide pair and the high annealing temperature assured specificity for the P450IID6 gene. The resulting fragment 
30 of 334 bp was then digested with the restriction enzyme BsfN1 and the products separated on an 8% polyacrylamide 
gel. Bands were visualized by ultraviolet irradiation of the gel stained with ethidium bromide. 
Figures 5 and 6 show the rationale and (schematically) the results. 

Examination of the dbll sequence over the intron 3-exon 4 junction suggests two explanations for the base-pair 
(G) deletion in the cDNA sequences. The db1 intron 3-exon 4 junction has the sequence CCCCCAG/GACGCC (the 

35 bold letters indicate the start of exon 4) 19 . Therefore, either a base-pair (G) deletion to give CCCCCAG/ACGCC, or a 
G to A transition to give the sequence CCCCCAAG/ACGCC, which shifts the position of the 3' splice site, will result in 
the loss of the first base (G) in exon 4. In both cases the BsfNI restriction site is lost. To establish which was the case 
we sequenced the PCR amplification product from 20 affected individuals. In all of these the G to A transition was 
shown to be the mutation responsible for the poor metabolizer phenotype. This transition appears to be the primary 

40 defect responsible for the poor metabolizer phenotype. Over 80% of individuals tested were homozygous for the G to 
A transition. Interestingly, individuals with this mutation were the same as those with the mutations at position 100 and 
in exon 2. 

EXAMPLE 4 : 

45 

Referring to Figure 7, an assay based on amplification using the oligonucleotides marked 2 and 3 followed by 
digestion with Hha\ may be used to show the presence or absence of the G to A transition at bp 1094. In this case all 
other IID sequences will cut apart from the °b B variant. This is informative for the PM phenotype. Thus, the region of 
DNA between 1049 and 1173 is amplified, exposed to Hha\ and submitted to gel electrophoresis followed by labelling 
so with suitable probes. For the "b" variant, two fragments of 45 and 79 bases will be produced, whereas for EM phenotypes 
a single fragment of 124 bases is produced. This is an example of an indirect assay for the bp deletion at 506 in the 
CYPD2D6 gene. 
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Claims 

25 

Claims for the following Contracting States : AT, BE, CH, LI, DE, DK, FR, GR, IT, LU, NL, SE 

1. A method of identifying whether a sample containing DNA is associated with the PM (poor metaboliser) or EM 
(extensive metaboliser) phenotype, the method comprising the steps of (1) providing a sample containing DNA; 
30 and (2) identifying the presence or absence of a mutation at one or more of positions 1 00, 271 , 281 , 294, 408, 506 

or 1 432 of the DNA sequence of the P450 1 ID buf uralol-1 '-hydroxylase or a deletion of at least part of exon 9 thereof 
using a reagent capable of distinguishing one nucleotide from another or the presence or absence of a nucleotide 
at a given site in the DNA. 

35 2. A method according to Claim 1 wherein a mutation at position 271 , 281 , 294 or 506 is detected. 

3. A method according to Claim 2 wherein a base-pair deletion at position 506 is detected. 

4. A method according to any one of Claims 1 to 3 comprising the step of digesting DNA encoding at least part of 
40 the bufuralol-1 '-hydroxylase amino acid sequence with a restriction enzyme which will cut, or will not cut, at or 

adjacent to one of the said positions according to whether the mutation is present. 

5. A method according to Claim 4 comprising the step of amplifying the amount of a selected region of DNA before 
digesting the DNA as said. 

45 

6. A method according to claim 4 or 5, when dependent on Claim 3, wherein the restriction enzyme is BstNl or an 
isoschizomer thereof and the DNA is obtained from a cell of the body. 

7. A method according to any one of Claims 1 to 3 wherein sample DNA is subjected to the polymerase chain reaction 
so using oligonucleotide primers which are capable of hybridising selectively either to the wild-type or to the mutant 

sequence at the location being analysed, such that the generation of amplified DNA will indicate whether the said 
mutation is present. 

8. A method of identifying a mutation in the DNA sequence of P450IID bufuralol-1 '-hydroxylase at one or more of 
ss positions 100, 271 , 281 , 294, 408, 506, 775 or 1432 comprising (1 ) subjecting the sample DNA to the polymerase 

chain reaction using oligonucleotide primers which are capable of hybridising selectively either to the wild-type or 
to the mutant sequence at the location being analysed, the primers being such as to introduce, upon hybridisation 
to the said location, a restriction site which is not present in the wild-type or mutated location and (2) subjecting 
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amplified DNA derived from step (1 ) to a restriction digest with an enzyme which cleaves at the said said restriction 
site. 

9. A method according to Claim 8 wherein two pairs of primers are used in step (1 ), one pair hybridising on respective 
5 sides of position 506 and the other pair hybridising on respective sides at position 775. 

10. A single-stranded DNA compound suitable for use as a primer in a polymerase chain reaction, the compound 
being adapted to hybridise to a region of wild-type or mutant bufuralol-V-hydroxylase-encoding DNA flanking po- 
sitions 100, 271, 281, 294, 408, 506 or 1432 such that, in the polymerase chain reaction, DNA synthesis will or 

10 will not proceed from the primer towards the said site according to whether there is a mutation at the relevant said 

position, 

11. A compound according to Claim 10 selected from the group consisting of: 



15 


(A) 


5« 


-TTGCGGCGCCGCTTCGGGGA-3 1 




(B) 


5' 


- CTTGGGAACGCGGCCCGAAA- 3 1 




(C) 


5* 


-CGCCTTCGCCAACCACTCCG-3 ' 


20 


(D) 


5» 


-AAATCCTGCTCTTCCGAGGC-3 1 


(E) 


5' 


-GCCGCCGTGCATGCCTCG-3 1 




(F) 


5' 


- GGAACTACCACATTGCTTT - 3 ' 




(G) 


5' 


- GATGAGCTGCTAACTGAGCCC - 3 


25 


(H) 


5* 


- CCGAGAGCATACTCGGGAC - 3 1 



and analogues and fragments thereof. 

30 12. A kit for performing the method of Claim 1 comprising a compound according to Claim 10 or 11 . 

13. A kit according to Claim 12 further comprising at least one restriction enzyme useful in distinguishing one or more 
of the said polymorphisms. 

35 14. A kit according to Claim 12 further comprising a specific oligonucleotide probe useful in distinguishing one or more 
of the said polymorphisms. 

15. A kit according to Claim 12, 1 3 or 14 further comprising at least one control sample of DNA containing the poly- 
morphic site or sites and corresponding to DNA from one or more of the following: a homozygous extensive me- 

40 taboliser, a homozygous poor metaboliser and a heterozygous individual. 

16. A kit according to any one of Claims 12 to 15 further comprising means to facilitate obtaining cells from a patient, 
from which DNA may be extracted for analysis using the said method. 

45 

Claims for the following Contracting State : ES 

1. A method of identifying whether a sample containing DNA is associated with the PM (poor metaboliser) or EM 
(extensive metaboliser) phenotype, the method comprising the steps of (1) providing a sample containing DNA; 
so and (2) identifying the presence or absence of a mutation at one or more of positions 1 00, 271 , 281 , 294, 408, 506 

or 1 432 of the DNA sequence of the P450 IID buf uralol-1 '-hydroxylase or a deletion of at least part of exon 9 thereof 
using a reagent capable of distinguishing one nucleotide from another or the presence or absence of a nucleotide 
at a given site in the DNA. 

55 2. A method according to Claim 1 wherein a mutation at position 271 , 281 , 294 or 506 is detected. 
3. A method according to Claim 2 wherein a base-pair deletion at position 506 is detected. 
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4. A method according to any one of Claims 1 to 3 comprising the step of digesting DNA encoding at least part of 
the bufuralol-1 '-hydroxylase amino acid sequence with a restriction enzyme which will cut, or will not cut, at or 
adjacent to one of the said positions according to whether the mutation is present. 

s 5. A method according to Claim 4 comprising the step of amplifying the amount of a selected region of DNA before 
digesting the DNA as said. 

6. A method according to claim 4 or 5, when dependent on Claim 3, wherein the restriction enzyme is BstNl or an 
isoschizomer thereof and the DNA is obtained from a cell of the body. 

10 

7. A method according to any one of Claims 1 to 3 wherein sample DNA is subjected to the polymerase chain reaction 
using oligonucleotide primers which are capable of hybridising selectively either to the wild-type or to the mutant 
sequence at the location being analysed, such that the generation of amplified DNA will indicate whether the said 
mutation is present. 

15 

8. A method of identifying a mutation In the DNA sequence of P450MD bufuralol-V-hydroxylase at one or more of 
positions 1 00, 271 , 281 , 294, 408, 506, 775 or 1432 comprising (1 ) subjecting the sample DNA to the polymerase 
chain reaction using oligonucleotide primers which are capable of hybridising selectively either to the wild-type or 
to the mutant sequence at the location being analysed, the primers being such as to introduce, upon hybridisation 

20 to the said location, a restriction site which is not present in the wild-type of mutated location and (2) subjecting 

amplified DNA derived from step (1 ) to a restriction digest with an enzyme which cleaves at the said restriction site. 

9. A method according to Claim 8 wherein two pairs of primers are used in step (1 ), one pair hybridising on respective 
sides of position 506 and the other pair hybridising on respective sides at position 775. 

25 

10. A method of making a single-stranded DNA compound suitable for use as a primer in a polymerase chain reaction, 
the compound being adapted to hybridise to a region of wild-type or mutant bufuralol-V-hydroxylase-encoding 
DNA flanking positions 100, 271, 281, 294, 408, 506 or 1432 such that, in the polymerase chain reaction, DNA 
synthesis will or will not proceed from the primer towards the said site according to whether there is a mutation at 

30 the relevant said position comprising the step of joining nucleoside derivatives to form the DNA. 

11. A method of making a compound according to Claim 10 selected from the group consisting of: . 



(A) 


5' 


- TTGCGGCGCCGCTTCGGGGA - 3 * 


(B) 


5' 


-CTTGGGAACGCGGCCCGAAA-3 ' 


(C) 


5* 


- CGCCTTCGCCAACCACTCCG - 3 ' 


(D) 


5 1 


- AAATCCTGCTCTTCCGAGGC - 3 ' 


(E) 


5' 


-GCCGCCGTGCATGCCTCG-3 ■ 


(F) 


5 ! 


- GG AACTACCACATTGCTTT - 3 ' 


(G) 


5 ' 


-GATGAGCTGCTAACTGAGCCC-3 ' 


(H) 


5 ' 


-CCGAGAGCATACTCGGGAC-3 1 



45 

and analogues and fragments thereof. 

12. A kit for performing the method of Claim 1 comprising a compound according to Claim 10 or 11 . 

50 1 3. a kit according to Claim 1 2 further comprising at least one restriction enzyme useful in distinguishing one or more 
of the said polymorphisms. 

14. A kit according to Claim 12 further comprising a specific oligonucleotide probe useful in distinguishing one or more 
of the said polymorphisms. 

55 

15. A kit according to Claim 12, 13 or 14 further comprising at least one control sample of DNA containing the poly- 
morphic site or sites and corresponding to DNA from one or more of the following: a homozygous extensive me- 
taboliser, a homozygous poor metaboliser and a heterozygous individual. 
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16. A kit according to any one of Claims 1 2 to 1 5 further comprising means to facilitate obtaining cells from a patient, 
from which DNA may be extracted for analysis using the said method. 



5 Patentanspruche 



Patentanspruche fur folgende Vertragsstaaten : AT, DE, CH, DE, DK, FR, GR, IT, LI, LU, NL, SE 

10 1. Verfahren zum Festellen, ob eine DNA-haltige Probe dem PM (schlecht metabolisierenden)- Oder EM (stark me- 
tabolisierenden)-Phenotyp zuzuordnen ist, durch (1) Bereitstellen einer DNA-haltigen Probe und (2) Feststellen 
der Anwesenheit oder Abwesenheit einer Mutation an einer oder mehreren der Positionen 100, 271, 281, 294, 
408, 506 oder 1432 der DNA-Sequenz der P450 IID Bufuralol-1 '-Hydroxylase oder einer Deletion mindestens 
eines Teils des Exons 9 derselben unter Verwendung eines Reagenses mit der Fahigkeit zur Unterscheidung eines 

is Nucleotids von einem anderen oder der An- oder Abwesenheit eines Nucleotids an einer gegebenen Stelle in der 

DNA. 

2. Verfahren nach Anspruch 1 , wobei eine Mutation an der Position 271 , 281 , 294 oder 506 nachgewiesen wird. 
20 3. Verfahren nach Anspruch 2, wobei eine Basenpaardeletion an der Position 506 nachgewiesen wird. 

4. Verfahren nach einem der Anspruche 1 bis 3, umfassend die Stufe einer Verdauung von DNA mit Kodierung fur 
mindestens einen Teil der Bufuralol-V-Hydroxylase-Aminosauresequenz mit einem an oder nahe einer der Posi- 
tionen, gemaB denen die Mutation vorliegt, schneidenden oder nicht schneidenden Restriktionsenzym. 

25 

5. Verfahren nach Anspruch 4, umfassend die Stufe einer Amplifikation der Menge des ausgewahlten DNA-Bereichs 
vor der Verdauung der DNA als solcher. 

6. Verfahren nach Anspruchen 4 oder 5 im Falle der Abhangigkeit von Anspruch 3, wobei das Restriktionsenzym 
30 aus Bst Nl oder einem Isoschizomer desselben besteht und die DNA aus einer Korperzelle erfialten wurde. 

7. Verfahren nach einem der Anspruche 1 bis 3, wobei die Proben-DNA unter Verwendung von Oligonucleotidprimern 
mit der Fahigkeit zur selektiven Hybridisierung entweder an die Wildtyp- oder Mutantensequenz an der zu analy- 
sierenden Stelle einer Polymerasekettenreaktion unterworfen wird, so daB das Entstehen amplifizierter DNA an- 

35 zeigt, ob die Mutation vorliegt. 

8. Verfahren zur Identifizierung einer Mutation in der DNA-Sequenz von P450 IID BufuraloM'-Hydroxylase an einer 
oder mehreren Position(en) 100, 271, 281 , 294, 408, 506, 775 oder 1432 durch (1) Unterwerfen der Proben-DNA 
einer Polymerasekettenreaktion unter Verwendung von Oligonucleotidprimern mit der Fahigkeit zur selektiven Hy- 

40 bridisierung entweder an die Wildtypoder Mutantensequenz an der zu analysierenden Stelle, wobei die Primer 

derail sind, daB sie bei Hybridisierung an die betreffende Stelle eine in der Wildtyp- oder mutierten Stelle nicht 
vorhandene Restriktionsstelle einfOhren, und (2) Unterwerfen der aus Stufe (1) herruhrenden amplifizierten DNA 
einer Restriktionsverdauung mit einem an der Restriktionsstelle spaltenden Enzym. 

45 9. Verfahren nach Anspruch 8, wobei in Stufe (1) zwei Primerpaare, namlich ein auf den betreffenden Seiten von 
Position 506 hybridisierendes Paar und ein anderes auf den entsprechenden Seiten bei der Position 775 hybridi- 
sierendes Paar, verwendet werden. 

1 0. Einzelstrangige DNA- Verbindung mit der Eignung zur Verwendung als Primer bei einer Polymerasekettenreaktion, 
so wobei die Verbindung fur eine Hybridisierung an einen Bereich von Wildtyp- oder Mutanten-DNA mit Kodierung 

fur Bufuralol-r-Hydroxylase, der die Positionen 100, 271, 281, 294, 408, 506 oder 1432 flankiert, angepaGt ist, 
dergestalt, daB bei der Polymerasekettenreaktion die DNA-Synthese von dem Primer in Richtung auf die Stelle, 
entsprechend der an der betreffenden relevanten Position eine Mutation vorliegt, fortschreitet oder nicht. 

55 11. Verbindung nach Anspruch 10, ausgewahlt aus der Gruppe: 
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(A) 


5' 


-TTGCGGCGCCGCTTCGGGGA- 3 ' 


(B) 


5' 


- CTTGGGAACGCGGCCCGAAA - 3 ■ 


(C) 


5' 


-CGCCTTCGCCAACCACTCCG-3 ' 


(D) 


5' 


- AAATCCTGCTCTTCCGAGGC - 3 1 


(E) 


5' 


-GCCGCCGTGCATGCCTCG-3 1 


(F) 


5' 


-GGAACTACCACATTGCTTT- 3 f 


(G) 


5' 


-GATGAGCTGCTAACTGAGCCC- 3 


(H) 


5 


1 -CCGAGAGCATACTCGGGAC-3 1 



und Analogen und Fragrfienten hiervon. 

15 

12. Besteck zur Durchfuhrung des Verfahrens nach Anspruch 1 , umfassend eine Verbindung nach Anspruch 10 oder 
11. 

13. Besteck nach Anspruch 12, zusatzlich enthaltend mindestens ein Restriktionsenzym mit der Eignung zur Unter- 
20 scheidung eines oder mehrerer der genannten Polymorph ismen. 

14. Besteck nach Anspruch 12, zusatzlich enthaltend eine spezifische Oligonucleotidsonde mit der Eignung zur Un- 
terscheidung eines oder mehrerer der genannten Polymorphismen. 

2$ 15. Besteck nach Anspruch 12, 13 oder 14, zusatzlich enthaltend mindestens eine Kontrollprobe einer DNA mit der 
(den) polymorphen Stelle(n), die der DNA aus einer oder mehreren der folgenden Komponenten: homozygoten 
starken Metabolisierern, homozygoten schlechten Metabolisierem und heterozygoten Individuen entsprechen. 

16. Besteck nach einem der Anspruche 12 bis 15, zusatzlich enthaltend Mittel zur leichteren Gewinnung von Zellen 
30 aus einem Patienten, aus denen DNA zur Analyse mit Hilfe des betreffenden Verfahrens extrahiert werden kann. 



Patentanspruche fur folgenden Vertragsstaat : ES 

35 1. Verfahren zum Feststellen, ob eine DNA-haltige Probe dem PM (schlecht metabolisierenden)- oder EM (stark 
metabolisierenden)-Phenotyp zuzuordnen ist, durch (1 ) Bereitstellen einer DNA-haltigen Probe und (2) Feststellen 
der Anwesenheit oder Abwesenheit einer Mutation an einer oder mehreren der Positionen 100, 271, 281, 294, 
408, 506 oder 1 432 der DN A-Sequenz der P450 1 ID Bufuralol-I'-Hydroxylase oder einer Deletion mindestens eines 
Teils des Exons 9 derselben unter Verwendung eines Reagenses mit der Fahigkeit zur Unterscheidung eines 

40 Nucleotids von einem anderen oder der An- oder Abwesenheit eines Nucleotids an einer gegebenen Stelle in der 

DNA. 

2. Verfahren nach Anspruch 1 , wobei eine Mutation an der Position 271 , 281 , 294 oder 506 nachgewiesen wird. 
45 3. Verfahren nach Anspruch 2, wobei eine Basenpaardeletion an der Position 506 nachgewiesen wird. 

4. Verfahren nach einem der Anspruche 1 bis 3, umfassend die Stufe einer Verdauung von DNA mit Kodierung fur 
mindestens einen Teil der BufuraloM'-Hydroxylase-Aminosauresequenz mit einem an oder nahe einer der Posi- 
tionen, gemaB denen die Mutation vorliegt, schneidenden oder nicht schneidenden Restriktionsenzym. 

so 

5. Verfahren nach Anspruch 4, umfassend die Stufe einer Amplifikation der Menge des ausgewahlten DNA-Bereichs 
vor der Verdauung der DNA als solcher. 

6. Verfahren nach Anspruchen 4 oder 5 im Falle der Abhangigkeit von Anspruch 3, wobei das Restriktionsenzym 
55 aus Bst Nl oder einem Isoschizomer desselben besteht und die DNA aus einer Korperzelle erhalten wurde. 

7. Verfahren nach einem der Anspruche 1 bis 3, wobei die Proben-DNA unter Verwendung von Oligonucleotidprimern 
mit der Fahigkeit zur selektiven Hybridisierung entweder an die Wildtyp- oder Mutantensequenz an der zu analy- 
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sierenden Stelle der Polym erase kettenreaktion unterworfen wird, sodaB das Entstehen amplifizierter DNAanzeigt, 
ob die Mutation vorliegt. 

8. Verfahren zur Identifizierung einer Mutation in der DNA-Sequenz von P450 IID Bufuralol-1 '-Hydroxylase an einer 
5 oder mehreren Position(en) 100, 271, 281, 294, 408, 506, 775 Oder 1432 durch (1) Unterwerfen der Proben-DNA 

einer Polymerasekettenreaktion unter Verwendung von Oligonucleotidprimem mit der Fahigkeit zur selektiven Hy- 
bridisierung entweder an die Wildtyp- oder Mutantensequenz an der zu analysierenden Stelle, wobei die Primer 
derart sind, daB sie bei Hybridisierung an die betreffende Stelle eine in der Wildtyp- oder mutierten Stelle nicht 
vorhandene Restriktionsstelle einfuhren, und (2) Unterwerfen der aus Stufe (1) herrOhrenden amplifizierten DNA 
w einer Restriktionsverdauung mit einem an der Restriktionsstelle spaltenden Enzym. 

9. Verfahren nach Anspruch 8, wobei in Stufe (1) zwei Primerpaare, namlich ein auf den betreffenden Seiten von 
Position 506 hybridisierendes Paar und ein anderes auf den entsprechenden Seiten bei der Position 775 hybridi- 
sierendes Paar, verwendet werden. 

15 

10. Verfahren zur Herstellung einer einzelstrangigen DNA-Verbindung mit Eignung zur Verwendung als Primer bei 
einer Polymerasekettenreaktion, wobei die Verbindung fur eine Hybridisierung an einen Bereich von Wildtyp- oder 
Mutanten-DNA mit Kodierung fur Bufuralol-1 '-Hydroxylase, der die Positionen 100, 271, 281, 294, 408, 506 oder 
1432 flankiert, angepaBt ist, dergestalt, daB bei der Polymerasekettenreaktion die DNA-Synthese von dem Primer 

20 jn Richtung auf die Stelle, entsprechend der eine Mutation an der betreffenden relevanten Position vorliegt, fort- 

schreitet oder nicht, wobei das Verfahren ein Vereinigen von Nucleosidderivaten zur Bildung der DNA umfaBt. 

11. Verfahren zur Herstellung einer Verbindung nach Anspruch 10, ausgewahlt aus: 



(A) 


5 ' 


- TTGCGGCGCCGCTTCGGGGA- 3 


(B) 


5» 


- CTTGGGAACGCGGCCCGAAA - 3 


(C) 


5' 


- CGCCTTCGCCAACCACTCCG- 3 


(D) 


5' 


- AAATCCTGCTCTTCCGAGGC - 3 


(E) 


5 ' 


- GCCGCCGTGCATGCCTCG - 3 ' 


(F) 


5' 


- GGAACTACCACATTGCTTT - 3 1 


(G) 


5» 


- GATGAGCTGCTAACTGAGCCC- 


(H) 


5' 


- CCGAGAGCATACTCGGGAC - 3 ' 



und Analogen und Fragmenten hiervon. 

12. Besteck zur Durchfuhrung des Verfahrens nach Anspruch 1 , umfassend eine Verbindung nach Anspruch 10 oder 

40 11. 

13. Besteck nach Anspruch 12, zusatzlich enthaltend mindestens ein Restriktionsenzym mit der Eignung zur Unter- 
scheidung eines oder mehrerer der genannten Polymorphismen. 

45 14. Besteck nach Anspruch 12, zusatzlich enthaltend eine spezifische Oligonucleotidsonde mit der Eignung zur Un- 
terscheidung eines oder mehrerer der genannten Polymorphismen. 

15. Besteck nach Anspruch 12, 13 oder 14, zusatzlich enthaltend mindestens eine Kontrollprobe einer DNA mit der 
(den) polymorphen Stelle(n), die der DNA aus einer oder mehreren der folgenden Komponenten: homozygoten 

so starken Metabolisierem, homozygoten schlechten Metabolisierem und heterozygoten Individuen entspricht. 

16. Besteck nach einem der Anspruche 12 bis 15, zusatzlich enthaltend Mittel zur leichteren Gewinnung von Zellen 
aus einem Patienten, aus denen DNA zur Analyse mit Hilfe des betreffenden Verfahrens extrahiert werden kann. 

55 
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Revendications pour les Etats contractants suivants : AT, BE, CH, LI, DE, DK, FR, GR, IT, LU, NL, SE 

5 

1. Procede d'identification pour savoir si un echantillon contenant de I'ADN est associe avec le phSnotype PM (m6- 
taboliseur pauvre) ou EM (m&aboliseur extensif), le procdde* comprenant les Stapes consistant (1) a fournir un 
echantillon contenant de I'ADN ; et (2) a identifier la presence ou I'absence d'une mutation a une ou plusieurs 
positions 100, 271 , 281 , 294, 408, 506 ou 1432 de la sequence d'ADN de la P450IID bufuralol-1 '-hydroxylase, ou 

10 d'une deletion d'au moins une partie d'exon 9 de celle-ci, en utilisant un r6actif capable de distinguer un nucleotide 

d'un autre ou la presence ou I'absence d'un nucleotide a un site donne" dans I'ADN. 

2. Proc6de selon la revendication 1 , dans lequel une mutation a la position 271 , 281 , 294 ou 506 est detectee. 
15 3. Proc6de selon la revendication 2, dans lequel une deletion de paire de base a la position 506 est detectee. 

4. Proc6d6 selon I'une quelconque des revendications 1 a 3, comprenant I'etape de digestion d'ADN codant pour au 
moins une partie de la sequence d'acides amines de la bufuralol-1 '-hydroxylase avec une enzyme de restriction 
qui coupe, ou ne coupe pas, a I'une desdites positions ou de facon adjacente a celle-ci, selon que la mutation est 

20 presente. 

5. ProcSde" selon la revendication 4, comprenant I'etape d'amplification de la quantite d'une region choisie d'ADN 
avant la digestion de I'ADN telle que dite. 

25 6. ProcSde selon la revendication 4 ou 5 lorsqu'il depend de la revendication 3, dans lequel I'enzyme de restriction 
est BsfNI ou un isoschizomere de celui-ci, et I'ADN est obtenu a partir d'une cellule du corps. 

7. Proc6d6 selon I'une quelconque des revendications 1 a 3, dans lequel I'ADN de l'6chantillon est soumis a la reaction 
en chaine de la polymerase en utilisant des amorces oligonuci6otidiques qui sont capables de s'hybrider seiecti- 

30 vement soit a la sequence de type sauvage soit a la sequence mutante a I'endroit analyse, de facon que la formation 

d'ADN amplifie indique si ladite mutation est presente. 

8. Procede d'identification d'une mutation dans la sequence d'ADN de la P450IID bufuralol-1 '-hydroxylase a une ou 
plusieurs positions 100, 271 , 281 , 294, 408, 506, 775 ou 1432, comprenant (1 ) la soumission de I'ADN de I'echan- 

35 tillon a la reaction en chaine de la polymerase en utilisant des amorces oligonucieotidiques qui sont capables de 

s'hybrider s6lectivement soit a la sequence de type sauvage soit a la sequence mutante a I'endroit analyse, les 
amorces etant telles qu'elles introduisent, par hybridation audit endroit, un site de restriction qui n'est pas present 
dans I'endroit de type sauvage ou mute, et (2) la soumission de I'ADN amplifie obtenu par I'etape (1 ) a une digestion 
de restriction avec un enzyme qui clive audit site de restriction. 

40 

9. Proc6d6 selon la revendication 8, dans lequel deux paires d'amorces sont utilis6es dans I'etape (1), une paire 
s'hybridant sur les cot6s respectif s de la position 506 et I'autre paire s'hybridant sur les cot6s respectifs a la position 
775. 

45 10. Compose a ADN simple brin approprie pour r6utilisation en tant qu'amorce dans une reaction en chaine de la 
polymerase, le compose etant adapte pour s'hybrider a une region d'ADN codant pour la bufuraloh '-hydroxylase 
de type sauvage ou mutant, adjacente aux positions 100, 271 , 281 , 294, 408, 506 ou 1432 de facon que, dans la 
reaction en chaine de la polymerase, la synthese d'ADN se d6roule, ou ne se d6roule pas, depuis I'amorce vers 
ledit site, selon qu'il y a une mutation a ladite position appropri6e. 

50 

11. Compose selon la revendication 10, choisi dans le groupe constitue de : 



55 
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(A) 


5' 


-TTGCGGCGCCGCTTCGGGGA- 3 ' 




(B) 


5' 


-CTTGGGAACGCGGCCCGAAA-3 ' 


5 


(C) 


5' 


-CGCCTTCGCCAACCACTCCG- 3 ' 




(D) 


5* 


-AAATCCTGCTCTTCCGAGGC- 3 ' 




(E) 


5' 


-GCCGCCGTGCATGCCTCG-3 ' 


10 


(F) 


5' 


-GGAACTACC AC ATTGCTTT - 3 ' 


(G) 


5' 


-GATGAGCTGCTAACTGAGCCC-3 ' 




(H) 


5' 


-CCGAGAGCATACTCGGGAC-3 ' 



et analogues et fragments de celui-ci. 

15 

12. Un necessaire pour mettre en oeuvre le procede de la revendlcatlon 1, comprenant un compose selon la reven- 
dication 10 ou 11. 

13. Un necessaire selon la revendication 12, comprenant en outre au moins un enzyme de restriction utile dans la 
20 distinction d'un ou plusieurs desdits polymorphismes. 

14. Un necessaire selon la revendication 12, comprenant en outre une sonde oligonucieotidique specifique utile dans 
la distinction d'un ou plusieurs desdits polymorphismes. 

25 15. Un necessaire selon la revendication 12, 13 ou 14, comprenant en outre au moins un echantillon temoin d'ADN 
contenant le site ou les sites poiymorphique(s) et correspondant a I'ADN d'un ou plusieurs des individus suivants : 
un metaboliseur extensif homozygote, un metaboliseur pauvre homozygote et un individu heterozygote. 

16. Un necessaire selon I'une quelconque des revendications 12 a 15, comprenant en outre un moyen pour faciliter 
30 I'obtention de cellules a partir d'un patient, dont I'ADN peut §tre extrait pour analyse en utilisant ledit procede. 



Revendications pour I'Etat contractant suivant : ES 

35 1. Procede d' identification pour savoir si un 0 echantillon contenant de I'ADN est associe avec le phenotype PM 
(metaboliseur pauvre) ou EM (metaboliseur extensif), le procede comprenant les etapes consistant (1) a foumir 
un echantillon contenant de I'ADN ; et (2) a identifier la presence ou I'absence d'une mutation a une ou plusieurs 
positions 100, 271 , 281 , 294, 408, 506 ou 1432 de la sequence d'ADN de la P450IID bufuralol-1 '-hydroxylase, ou 
d'une deletion d'au moins une partie d'exon 9 de celle-ci, en utilisant un r6actif capable de distinguer un nucleotide 

40 d'un autre ou la presence ou I'absence d'un nucleotide a un site donn6 dans I'ADN. 

2. Procede selon la revendication 1 , dans lequel une mutation a la position 271, 281 , 294 ou 506 est detect6e. 

3. Procede selon la revendication 2, dans lequel une deletion de paire de base a la position 506 est detectee. 

45 

4. Procede selon I'une quelconque des revendications 1 a 3, comprenant I'etape de digestion d'ADN codant pour au 
moins une partie de la sequence d'acides amines de la bufuralol-1 '-hydroxylase avec une enzyme de restriction 
qui coupe, ou ne coupe pas, a I'une desdites positions ou de facon adjacente a celle-ci, selon que la mutation est 
presente. 

50 

5. Procede selon la revendication 4, comprenant I'etape d'amplification de la quantite d'une region choisie d'ADN 
avant la digestion de I'ADN telle que dite. 

6. Procede selon la revendication 4 ou 5 lorsqu'il depend de la revendication 3, dans lequel I'enzyme de restriction 
55 est BsfN\ ou un isoschizomere de celui-ci, et I'ADN est obtenu a partir d'une cellule du corps. 

7. Proc6de selon I'une quelconque des revendications 1 a 3, dans lequel I'ADN de rechantillon est soumis a la reaction 
en chaTne de la polymerase en utilisant des amorces oligonucieotidiques qui sont capables de s'hybrider seiecti- 
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25 



vement soit a la sequence de type sauvage soit a la sequence mutante a I'endroit analyst, de facon que la formation 
d'ADN amplifiS indique si ladite mutation est presente. 

8. Procede ^identification d'une mutation dans la sequence d'ADN de la P450IID bufuralol-l'-hydroxylase a une ou 
5 plusieurs positions 100, 271 , 281 , 294, 408, 506, 775 ou 1432, comprenant (1 ) la soumission de I'ADN de I'echan- 

tillon a la reaction en chaTne de la polymerase en utilisant des amorces oligonucleotidiques qui sont capables de 
s'hybrider selectivement soit a la sequence de type sauvage soit a la sequence mutante a I'endroit analyse, les 
amorces etant telles qu'elles introduisent, par hybridation audit endroit, un site de restriction qui n'est pas pr6sent 
dans I'endroit de type sauvage ou mute, et (2) la soumission de I'ADN amplifie obtenu par l'6tape (1 ) a une digestion 
10 de restriction avec un enzyme qui clive audit site de restriction. 

9. Procedd selon la revendication 8, dans lequel deux paires d'amorces sont utilises dans l'6tape (1), une paire 
s'hybridant sur les cotes respectifs de la position 506 et I'autre paire s'hybridant sur les cotes respectrfs a la position 
775. 

15 

10. Procede de preparation d'un compost a ADN simple brin approprie pour ('utilisation en tant qu'amorce dans une 
reaction en chaTne de la polymerase, le compose etant adapte pour s'hybrider a une region d'ADN codant pour 
la bufuralol-1 '-hydroxylase de type sauvage ou mutant, adjacente aux positions 1 00, 271 , 281 , 294, 408, 506 ou 
1432 de facon que, dans la reaction en chaTne de la polymerase, la synthese d'ADN se deroule, ou ne se deroule 

20 pas, depuis I'amorce vers ledit site, selon qu'il y a une mutation a ladite position appropriee, comprenant I'etape 

consistant a joindre des derives de nucleoside pour former I'ADN. 

11. Procede de preparation d'un compose selon la revendication 10 choisi dans le groupe constitue de : 

-TTGCGGCGCCGCTTCGGGGA-3 1 
-CTTGGGAACGCGGCCCGAAA-3 ' 
-CGCCTTCGCCAACCACTCCG-3 1 
-AAATCCTGCTCTTCCGAGGC-3 ' 
-GCCGCCGTGCATGCCTCG-3 ' 
-GGAACTACCACATTGCTTT-3 1 
-GATGAGCTGCTAACTGAGCCC-3 ' 
-CCGAGAGCATACTCGGGAC-3 ' 

et analogues et fragments de celui-ci. 

12. Un necessaire pour mettre en oeuvre le procede de la revendication 1, comprenant un compose selon la reven- 
40 dication 10ou 11. 

13. Un necessaire selon la revendication 12, comprenant en outre au moins un enzyme de restriction utile dans la 
distinction d'un ou plusieurs desdits polymorphismes. 

45 14. Un necessaire selon la revendication 1 2, comprenant en outre une sonde oligonucleotidique specifique utile dans 
la distinction d'un ou plusieurs desdits polymorphismes. 

15. Un necessaire selon la revendication 12, 13 ou 14, comprenant en outre au moins un echantillon temoin d'ADN 
contenant le site ou les sites polymorphique(s) et correspondant a I'ADN d'un ou plusieurs des individus suivants ; 

so un mStaboliseur extensif homozygote, un metaboliseur pa uvre homozygote et un individu het6rozygote. 

16. Un necessaire selon I'une quelconque des revendications 12 a 15, comprenant en outre un moyen pour faciliter 
I'obtention de cellules a partir d'un patient, dont I'ADN peut §tre extrait pour analyse en utilisant ledit procede. 

55 
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Figure 7 (continued) 
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Figure 7 (end) 
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